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g or rt r 
rily _a good 1 c t on 
th t d n rly th 
t r  nt. 
( JO ) , 'Wffl on or l o£ th Gold Coast 
1, ,S 
b 
sphorus. 'i' 
aftilabili ty. 
I ( 
ii 
sl 
d 
phate and low i
• relatively Ills 
h 
• 
WR &• 1nat re 
several soilu. 8 
and _, .. ~ -~- 'b :s.,,, 
e the reverse wae true 
ft a ,I (23) detem1ned that there was 
1 • 
be.ii under grass when !I. 
r: 8't8nt . He explainlld 
. di. " • two plants • 
Deeper root penetration and lo • rL 
"' ~IJl'hate and p 
Cal. e ad t a 
t and .aluminum predominate 
- ant • • ea Wl4 
and th• calcium 
1n calce.reou• • 
of the three main f oms cf ino--.. -
IIO I . -
ta. T • 
r da to ext Bph I ram acid be • rlda 
seemed u, e adsorbed phosphorus. Sodium bicarbonate was • 
extract phosphorus from the calcareous soils. the theory being 
bicarbonate ion reduces the acti v1 ty ot the calcium ton &J • 
creases the solubility of phosphorus. These 1nveet1 t. • a 
etated that the react.1.on or a soil was not necessa 
of the forms of phosphorus prese r three soils a -
s811'le pH, the inorganic phosph t1 111; Nl was quite dit' • e 
• e • 
• 
r gion • round th total phosphorus gr at t in th 
dee a · ing th depth . cid ol uble pho horu 
rf c hor1 z-on and 
as round to fall 
8 
rapidly to tr ce in one foot. &se result w r in c ontras t to those 
obtained -rs Pear on {cited b J an · Foster ( 31 ) )  ho, working on twelve 
Io a soils, det · n the eid soluble pho · horns to be low n lower 
A and upp r B orlzons th a mark · 1nereas. t depth to a maxim in 
th e C horizon. This as explain by gre tly reduced -eathering in 
tam erate soil . 
For mer an a century th r pts to fracti onate . 
or det ermin the disc rete rorm of' soil pho phoru and the ounts or 
the e fonns. In 1 935, sh· r and om.as ( 1 3 ) develop a rap d m thod 
o e t at1nf� :four fonns ot 1no anic ho horus : hcsphat of calcium • 
magnesium and mangan s were on form; p osphates o iron alum1num 
another to ; those a.dsor d ·by ·hydrou oxide and pr s t 1n the 
fo of · atit a third to ; by d1.ff' � nee th in th 
hosp·1.oru res nt 1n e . s tallin fo s o iron and al. in • this -eing 
th fourth fo • By pl c ing prop r ve.lu a on the pho . horu eont  · in 
in ach roup le to pl · e tw nt.y-two aryl oils. repre-
enting th e rov1nce , n s r.te an tw 1 ve t pe in pract'icalfy 
id nt1cal order o phosphoru --.,•-· ents s that disclos by- pot 
test • 
Accordin to an ( 1 O ), s ell grou phosp orus c ound 
oecurrin in  o11s into : inor ard.c pho orus n neutral so ls , hydroxy 
• • . " •• o SU a• 
"· 111 Tho a • 8)) • w 
a • 1'h • • • • 
t • y r • ~ " 
• -- ed a Ill) i tho 
• h vi ed e wt h um 
V ed " .. 
p • 
Fr-a.ctionation 2! Ji2ll, Ph,o:rohoruJ 
0 il, e • h•ve b.en ath• 
• • • • .. 
• Fl. • Th ed 1 • 
r • I.In rg p ap p •• 
• • • b t and 
were .. bo a • • en 
,,. .., e t-1ero ,,. • • "7 det.em ed • 
p • p • ry, e .,. r ... ,. t 
• ,,. • • • ep • 3 ed 
• C they wero ab "" • M ...ie 
• .... p ·• . ..... • • d • 1 • 
• r 8 r- "!111 .... • 
• 
g Do Ru • ped h OOIP • 
' • g oph 1 1 
tit • ealc.  um pho sp at. • ino 
re pre bly c b a.ti.on 
c he horu ac· d · l , 
iron ---.,- oxid 
· c  
pho horu ., D • u ng s own traction Uon roe r .·• 
sho that , by extracting With hydroxtd p · or to extr tin 
th an ae d•  it is pos� bl to the p o  orus ou d int 
th bro group , o� p. .. __ s · olubl in so ' 
1 organi C· pound di sol by extraction With the sodi 
followed by an cid, and insolubl conmJOUrtct$. 
· sod1um hytlroxide OT iron and alumi 
hydro:d.d 
that 
di-
calcium pho hat. • organic pho h · t • and that phu.rlc_ acid re-
mov t-r1-calc1 concluded hat th dd 
oluble pho s_phom r ain1ng 1n th soil er r. ctlon sodi 
hydroxlde occurred 1n the apat1 t to • e al o conclud th t th 
lug st traction or the total so1l pho•sphoru . as not d1eaol . b1 
sod:S.um hydroxide or . acid extra-otion. · · noted th t this traction was 
not incr s 
Roth l sted. 
th long continued use of phosph tic r rtilizer at 
Gbard. • cit d by r:t ht and P ech ( 41 ) .  odi i an t pro-
c _ re b7 us!. eeUc acid \o extract. prlnci ally �no. di ,  tri.-
oalci phospha and thos c bin d th iron an nminum ,  •d sul. 
phurlc acid to extr t t e apatite • c "1c cid us i.n erd r to 
eliminat intert reno or J.u t e abl cal.ct or U1cq�1ts 
so hown that pho bro ht into soluti�n 1 . r orb d 
by the soil d n elttr ct · hydronde. o v r, this 
considered a p c a fl- ction :tion of the pho horu 
9 
• 
.II 
• 
was al 
i, ln !. Z:S01 1lhL h 
ln and _,~,-1 n .s and orga,iic 
• 
I 
11P II and 
sodium 
divide 
_.,_. C cc:rpound II 
• wad 
• 
pb.oapbat.. and apatit 
a p odll. 
I: ' 
h aph a n o 
a dium hydrond 
Dean suggest«! 
phosphate, mono- acd 
IIUl. 
He to • f 
0 
• 
Ill e art gt 1 111.t.h 
q 
Ill a 
t.a 
• 
tbe 
a 
• il'C1I n I 
•• 
"" 
W I • 
•<a 111d. 
I IJ •• • 
ICi b m:chang• • 
sPh&t.ti 
.. ed vl,th liG4l. 
I 
• 
Ill 
vtld 
• 
• :t' ,-.d_ r. • 
• 
d al 
WU ~ 
• - ----s1· • It. 
Iii 8'df.i 
V8 • 
IP • 
compounds p sent.. 
y nd rth · x ( JO ) . orking on soil o th- • Gold Co t. u 
lll s•  traction tton,  which 1s a rapid ethod and d1Vides the phos-
phorus into three traction . Total phesphorus raeted WJ..t 
acidc th alkal1-solubl • ino . -ante and organic tr. 'lions we 
10  
With sodi hydro· ·• Th organic raeti.on -a d te· n by sub �ct-
1ng the inorganic .from th total. Usi thi s ethod they determ1n 
th ;t. th total pho phoru - g t, st in th surt .c . and d re th 
depth.. The acid soluble pho phorue declined sharpzy to a mere trae in 
th- rtace foot , hU th ino anic al.1 · lubl p ospher.u, declined 
mo lowly than the ac1d solubl • Oen rall · 1 - • all horizons or 
all soil ere higher in 1no . anic alkali soluble than in inorganic acid 
solubl phospboru • 
A the pre . nt t the -enerally accept ethod of tr etion 
tion pracedur ia that devised by C and Jack o:n. (6 ) .  Thi. · method 
1 based on th solubUity ot th• d1scret• toms of 1no-�an1o phosphorus 
1n the soil. These tom include al.Ulftinum, iron and cal.ci phosph t 
s well as the- remetant soluble torme, the occlud • Th1 · 
procedure as th t~:lr t to ditt rentlat b en lnn d .. ""�mun 
pho hat It plo n tral. onium floun..de to dis olve al_,,__.UJ.W-1 
pho pb t • Sodl h;Vdroxid · .completely d1 ol v s iN>n ho hat 
ell -..111LU1..a;..1 .. -• pho ha but does no\ dis olve 
ac1·d di solve ap U. t c • d 1ron phosphat to 
a coneid rab1 di ree; th , ore th alk 1 extraction must pr ed 
the c1d ext.r et1ons. 
, . 
• • ... 
N • • Be "" • • t • aa aed 
111 .. • • 
• vaam ~ ac.tic 
• • rg • "' re extr.oted 
"" Jd.d• • r - .... • nl1 ed t 
• • ng • ,d 
• • • ·•""" ,... . • a• ec uod "1 
• • • • 
• IIU • • • rg alk ... • b, • • 
NS • • 7 GP.al.: ng • • . " . "ll • 
• • 
t ~- ime C ed" • ... 
•• • • 
• • • • 
• 11111 • • • 
a ed pbOIPblltea • 
• " • • • • ·- an _, ___ op •• - Ted .. - • ·-·-·-
• • • 11111 • ••• • p op ••• 
• .. _,__, ___ •IP ~- • apaUt.e. $ul.phuric 
• • ... • ompl.tal.y and al.""'111W1 -" • 
• • • IC oret • • al • 8C • 
• • 
Gl n ,si !l• (21 ) mod1f1 the tr ct1onation procedure of Chang 
and J ckeon and used onium tlouride at a pH ot 8. 5 rather than 7. 0 .  
Thi a the elq;>erlm ·ntally' detennined pH wh re th solubil1 ty of iron 
1 1  
pbosph t as l s-t. This proceda has mad poss1bl £a1rly accurat 
aoeount ot the inorganic pho horu constituents of the soil. 
Investigators in the field ct vailable soil phosphorus have ye-t 
.to d vise a perfect qst te d temine plant-available tract.ions. The 
r search here ha.a .tollo ed. two m , n paths i first to find th ideal 
extracting solution. on . th :t would remove what the plant r oves; 
,s cond, to develop a leaeh1ng procedure that would extract th readily 
ava.Uab1 phOSPhorus, thereby duplic.at1ng th pattern ot phosphoru.s 
release.-
Shapiro and Fried ( JS) reported tb t soil pho sphorus ay ocour in 
organic form and s an anion adsorbed. to .a clay surrac • It. al.so m 
occur adsorbed on th& surface of iron and :uminum bvdroxid • It 
ma.v occur as an anion adsorbed by -eans of a cation br1d e to ola;r.  and 
as precipit t s o iron and aluminum. Phosphoru rele se tram preeipi• 
tated material i gov· m by solubility product rel :tl.onsld.p • Ad.sorbed 
pho · h t s are hydrolyt1eally di lac ( OH) or displaced by another 
anion. 
ettect 
and Dean ( 1 4) report that calcium in a system al :ya 
reat r retention of phosphat th did odi • Thi 1 an 
a-rat11mQnt in £avor of th cation bridge theory. They so r · orted that 
a 
1111 .. ' 
ii • y -
1 
• 
• 
• 
ill • 
-a--
a 
• 
a• r 
' 
ad 
II 
• • 
• • I, 
__ .vglable Mi PhosphOC¼S 
I 
• 
• 
• 
• 
• 
al1 • 
m 
,i!li A 
11D ,II II • 
al 
suri" ace coatl of iron and al.Ui .1num tatn l · pro rtlon of 
add phosphorus and that th amount ino · sed w1 th phospho,n · oone·en­
tration. 
pR of soils !.s probabq the ost dely operating taetor in­
fluencin the ro , abundano and mov ent ot ditt rent nutrient el 
nt in soil • K rim d h (24) , work�ng on t Pakistan oils ., 
1 2  
orted that s ·$4u1o:xid · bound pho horu . ro s  st ad1l1' to pH of ;.6 
but that th rate of rise above .5. J was reater t th 
an ncrea.se 1n pH to 6.  2 the sesqut.oXide bound pho horu deor as • 
In 1 954 Olsen ,& .a.• (33) report that aod1 bicarbon te w 
u etul extractant ot plant-available phosphorus re, postulatedi ( a) 
m . SU.N all or a deft.rd te proportlon ot th various tom or phosphorus 
1n the s e relative amounts as they are adsorbed by- plants du.r.lng th 
growtng sea.eon;. (b )  · eorrel t to a htgb d ree with pl.ant uptake ot 
phoephoras an J1eld re pons to added phospheru o er a d rang ot 
soil typ s t  (c )  nimize the secondar, preC1p1tatlon and ad orption re­
action that q occur during extraction: and (d) be dapt ble to :ra .d 
routlne test ea r • 
Thi sodt 
t:ton with , ' alu. 
, e rbonate thod con .tentJ.7 g '!V · a high eorr 
d an. 
or all group or soil re oth r 
clt by 01 en .&  • ( 33) ,  
av, lower correl td..on 
valu s. It th e lle.r -�•�,IF,. th CO2 
t hniqu q an  mog. 
rh • 1 hod ve low :ues tor extr ct l phosphorus 
• ft • 
• d! 
• II-
41 Ill • Ill • ... ,. • I • 
e ban bel.ov S.J. 
ISJil' II fJi ed. 
ad u 
adaptable to rapid routine soil testing procedures. J:-b\lr cri ten.a of .a. 
II ,,. 
• • • 
. • 
I e -,. I II • 'I' Ill• • 
• ~ Ill 
' • I 
lt9 
• bi • • a • Illa,., 
" a , r 'rlad 8)1 Di 
..., • .il 
:l • • lihe • mathods g ii "' 
1li ~aiipi\Nd .sthod:,, !.nol.··,.i,a,.,.~ • - 0 thallHI ~ d T 
•DrQ gl :, I ab • 
on highly calc reou · oil b us e-c.o :ry recip1 tation react,ions 
m -::, occur with extraotant that inc . a e the hydrog n ion activity b 
cau e concomitant increase n the calcium i on ctivit occur • In­
creased calcium ion aoti vi ty usually means more ho&pboru 1xed as 
in$0luble c c1 phosphate. Also th concentra�ion or the cid is 
insutftc1ent to extract all of the vaila:ble pho phorus. 1fh.e -ray �o. 
2 m th 1ncr aaes the acid concentr.. tion to c pensa.te for this .  
1 3  
rller. Truo ( J? )  in 1930 used .002 sulphuric acid at a p or 
J as an extracting olution. This eoncentr t.ion 
· at that in the root zon • 
suppos.ed to pproxi. 
n CO2 et.hod is affect by two econdary :reactions With 
opposl te tt ets on phosphate solubility n us on c alcareou so1l • 
rst , the i an incre in sol.u Uity e ased by a dee ase in pH. 
and secondly, a 
phosph te occurs aa . a result of th inere 
prec1p· tat1on ot calci 
in calcium l•on activity. 
Th o um bicarbonat as found to b e senti ly t t 
· · econdary reacti.ons anse the bic rbonat ion dee a es calcium ion 
activity by comblrd. 'Id.th it1 thu inc utg the. solubil.ity ot pho 
horu · at wa ori nally oaloium phosphate. Thia 1 . th. o on ion 
feet..  
In neutral or acid oils so um bicarbonate rep s es cal.cium 
ion act.i.Vity also , n t here through ionic c p tition 
OH ion tor th pbo hat ad o . ,Uon te on t e 
rrac of h soil article • ccordin to Kurtz and others , c1 t. d by 
Ols n t Ab• ( J3 ) ,  th replaein a l1ty o th bicarbonat ion for 
1 5 4 5 6 1  
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pho ph t on t.b oil colloid · great r than the plae ability or 
ller -, n that xtraet · of 
. oU th an annnon.tum nourid ...... , ... lolJI, �hurio acid solution g v th olo est 
corr · ation , h crop r spons · • Br and Kurtz ber one d. 
th so l s r1e d te 1n to 
ehemicall avail ·. J.e phosphoru 
re ext in ord r. Th ry: el o ound that 
• >e d r e th correlation bet een 
crop respon e. 
aunde ( 34 ) ,  ; rid · 1n _ th rn Rh ia, us· hot . 1  so 
hydroxid for o:tractin available phosphoru·· from tro cal soils. Good 
field re · nses 
um 
hydrond so1u.ble phosph :tes an th · optimum pplicat on or £ rtil1z r 
phosphate · qui · for maize. tob cco t toes . 1 provi.ded 
Si • 
Welch t al. ( )8 )  co p - ....., hydrochloric aeld•sul huric acid 
b o rbOnat and th om £loun.de- droehlor.1.c 
acld 0 ta1n· 
oru 
olutlon ot ammoni 
eon-e1 tion th re 
tisfaetory sult n . t rt1li _ r pho -
( :)6 )  re rt, th t an. ract-
lo:rldJ and hydrochloric aei prov a uperior 
-. 
cited in #are (21 ) .  ha shown e eh o · pot tial 
( p Ca + 
this i also 
in soil or "· o ph . te potential " sed by 
rate oil . 
m. ans of Vail l pbo horu in 
1 a e I as • • 
e acetate and sulphate ions. 
and Axley ( 29 ) dete two g a 
ii 
el • 
the sodium bicarbonate methods ve n 
1 u :r= ad a larr 
J ,at, e- and 
s 
• I 
• 
• 
• 
I 
oden 
correlations were obtained betveen analytical dat.a ,and 
l!I e 
, r 
., 
tor a variety or soUs. correlations were also obtained between -
a a 
and po a Th 
the basis tor f'ertilizer recommondatione in southern RhDde _ 
e • p 
,, :kblN With sodium l 4 I 
" xture and b a ror maki e 
a recO!l!!Jendations. S'bllT and Recaud po ad ii 
11!1 II ch d 
a Id 1: enhoase resp01111 
A.slyng as Id, • th 
of' onocalcium phosphate expres 
• 
e 
¼ pHzP04) holds promise for tempo • • LeMare (2?) cla!a• 
• an appropriate e estimat:lng • ab sp ra 
f 
tropic 0 1 • d ost r ( 31 ) r rted 
ll 
a: a £r tton o · soil 
ph 
equillbrl.. 
....-... ... ...  ., in a labU · ol ich a d:. .· te . 
pot ntial in the Qil th t thi labile pool 
1 equiv · nt to the r p· 
a r 
In e fort to  l am more or th orus 
:tnv. tigators hmt att p cces � l hin'" proc u. 
·pply, 
• 
1 5  
•w.,;a.,1, ... -..- a soil p -�olato-r sed by 
th r . horu. by aoil- · •  s m ·t.-b plo 
to 
. 005N 
· c ci c lo:ri • as a 1 aching sclution. 
t1  electrol.yU eone·entration of th 
ibis concentration appro 
il olution in most b ,d re-
tes 
ons. T m 
then iQUgh 
phosp oru· rel 
then l 
. n ·• 
recycl a all v. lu.me or sol ti.on th.rou th soil 
chlori.de s tur d on b r sin. us th 
by by the re. in. Th re in 
um chlor1d solution and the pho borus ter-
u.sed. to c ar fert.1liz d untertiliz 
soil •· technique £ rtillzer t :tment. 
on pho ho s statu., of th e oil • 
w 
L 
comp : • e water extr. 
and Van w�i::t- a!lto 
th solubi.ll ye of pho· oru 1 
th c · -et chlor1 lu on 
mor phosphoru. th olution. 
. • ( 26 ) . SllONeQ th· t 
n tr 
alt bee u · �al ts, 0£ onoval .:t, cations d l 1 � 
in c c 11 thr,ou 
It 
p oru 
1.11 ty of calci ·• 
T a mor valid ho 
lectrolyt1c cone tration o th oil ....,olution 
i . 
osphorus -- _.,. -
• I 
Lathwell et al. (26) - -
an r 
ainta.1.n 
olu Uon and 1 
ldly exchan eable phosphoru.a • 
• 
• 
• 
. ached with so i 
This ethod · -
fleet th ·1nnuen : 01' 
II br tion method 
ti also tried er . stilled wat r de 
F ::_ -·- l aa oi ted by Lathwell .!!, !1:, 
1 - • depr sed 1n the pres nee ot 
epress pho )hate avai 
I gh an ine . e in th sol 
or course, b rgued t hat water 
s me ure since th e 
t.l 
prob bly appro .t by th t t rou h 
U pl • h solution th t, 1 ap re at . to the 
olut on in i trolyt1c concentration pd.or to l ach:tn0 v.1.ll be of 
hi er concentration s th l aobin p ; h · c th add 1 etro-
lyt could 1nc'PA1:u:.!'A th d t. 
tbwell as cit bi 
results f 
p rcolatton 
Dean and 
Br ,-, P ch. . sh, 
thod w hi. hly correlated ·. , . th • • alu or 
s also correlated ighly with . e ot r ethods. 
. th th 
d 
T u the 
percolation method should provid a Nliable technique for alu ti 
th . ho· orus rertUity statu o widely dif er nt sous • 
6 
. ed d Shapiro ( 1 .5 ) obtained 1 entical results f cont nu-
ou l ehtng prec u · and an onrly equi.lib atton 'With 
' ey thus were able to plo.t th phosphoru · release a t. ffl o variou 
so11s. 
In more cent wori s Fri. nd and rch 16 ) .  rte ng n s U in 
r.lca, ou t a o ,.t of t 
ie pho horu only hot • 1 
etho 
soa:1.um by roxl.d • s1 y 
:rel ted to pbosph . rus• respon or wh t. Roat, t d by amilton and 
L.aaaaTY1 
th 
( 1 8 ) , 
A up � B o 
1. 
zons 
nd. th t t'or oat aoU th poosphorus 
su.ri'ace w eonsi.de:r b y gr .e� than t.h oor-
1 
'411 Iii th v-;:i.ter- bu luahad 
the so r a p xlll 113 111,t.u.i- mt: 
i I ilC 
&h 1. _ ca g rooaod CllO. 11 
0 --- ro:Nl.011 art~ 
La Id by Lel-fare (27) , compaJ"tlldl s :methOd Id. 
1111 Fried and Dean. Lathwell' s 
G u B - il A Y a Fried an 
t ~ - b• 
a 
r 
l 
s 
. h 
11 l" di st.1lled water. 
East A£ 
avail.ab ' 
5 Ii:' II" 
• 
m , fferent 
___ _ :: (18) . round that the lower 
deficient in phosphorus 
by Hamilton and Lessard 
supplying power or tu 
re.sponding sub-surface. 
the surface ~ 
• 
( 
pt t 81 
0 I) 
de ol extracting 
were lllora 
Halstead, as aloo cited 
• 
Nt 
M 0 
Th tour soil • us 1n this t,u� re oody, Kranab :r , rton 
and .,._ __ _ ;>, re ohO b .au · th·y t ajor ero -
1 7  
l f · dely s arat 0£ the · , hence p o phoru content 
of u t • rtanc ·• 
MATERIALS AND 
pescrtption S?.r Soil§ 
,IJ I we •0 
e tJOila - db ec e.lll.t " 
ep ed Q Bl • at.at1 8 
00Dr SILT 
D t • b :t 21 • 1 960 
Field · e ,  ood7 . lt Lo .  
J.d Clase1ticat1on, Ch moeait 
Loe :tlon s U on County 
P . nt t rial 1 Poet.I an Lo s 
1 8  
Physio raph7: We r c t of a long slope S.n ntly undulat1n topograpn, 
Rell ·ti Gently u.ndul t.1 
Slope, Con• x, app:ro atel1 � 
Dr .  e i  ll drainecl. 
Da grayish b:rown ( 1 0  · 4/2 dry) to v r:, dark brown 
( 1 OYR2/ 2, mu � )  nonoalcareau.s tlt lo • • to 
oder tel7 develop · tine gra.nul.ar stf\lctur '.t 
f'.r.l . ble when moist. 
Bz horizon 6-;6 Yellow! h bro ( 1 0? S/� dry) to brown to � brown 
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Slo a Con • appro tely 3 
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eld Classif'ieationi Ch s-tnut 
Locations Z1 baeh County 
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ti· d s pL • u:e each pho•na\ce value 1n the .fig,1 - and 1n Tabl , II 
le an averiaae e>. six 1ndlddual. d t mt.nations-. 
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th c e or tb. v.hu'vi�,. was. ppro at.&l.y on . �ourth mt.1 • 
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plto . bOrus dete . lnat· on. In · e ratainlng t ree e, p o horu u 
determined without prl.or pH adju ent. -rhe colorim ter �nge .. 
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